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Abstract
A variety of new physics models predict the existence of extra charged gauge bosons (W ′). It
is verified that W ′ and top quark associated production is a promising process to search for W ′
signal at the LHC. We study the collider signatures of multi-jets+lepton+ 6ET by reconstructing the
tW ′ intermediate state through the decay modes of W ′ → tb, W ′ → qq¯′ and W ′ → lν respectively.
An angular distribution related to charged lepton and top quark moving direction is provided to
distinguish alternative left-handed or right-handed chiral couplings ofW ′ to quarks in the hadronic
decay modes. The superiority on the search of W ′ is demonstrated in the leptonic decay channel
for the left-handed type interaction, which is forbidden for the right-handed type interaction in
the most theories. To be more realistic, the relevant standard model backgrounds are simulated.
We adopt various kinematic cuts to suppress the backgrounds and collect the integral luminosity
needed for the corresponding process detected at the LHC with 3σ sensitivity. We also provide a
forward-backward asymmetry which is related to the chirality of W ′. The successive studies can
shed light on the potential searching for W ′ signal as well as distinguishing typical new physics
models.
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I. INTRODUCTION
Though the standard model (SM) has gained great success and SM-like Higgs boson is
discovered at the LHC, it is still in progress to investigate the new phenomena induced by
many new physics models, such as extra dimensional models [1–4], grand unified theories [5–
7] and left-right symmetric models [8–12], etc. Among this kind of models, a new extra
charged gauge boson W ′ is proposed. To discriminate different new physics models beyond
the SM, it is crucial to search for the W ′ production signal and study its properties at the
LHC.
Recently, the latest experimental results have explored the potential to observe the heavy
gauge bosons at the LHC. Searching for a W ′ boson with a signature of lepton and missing
transverse energy has been performed by ATLAS and CMS collaborations. The results show
that no significant excess over the SM expectation has been observed through W ′ → eν or
W ′ → τν decay [13, 14]. On the other hand, the signature of W ′ → tb has also been
investigated at the center of mass energy of 7 and 8 TeV, and the observed limits are
displayed on the cross section as well as W ′ mass [15–17].
In general,W ′ → lν is the most prospective channel for its research at the LHC due to the
unambiguous backgrounds, while W ′ → tb decay channel also becomes important, especially
within the models in which the couplings of W ′ to leptons are extremely suppressed. The
collider signature of a top-philicW ′, which couples only to the third generation quarks of the
SM, produced in association with a top quark is investigated at the LHC [18]. In addition,
the investigation on the properties of W ′ also contributes to searching for its signal at the
LHC, such as the chirality of W ′ coupling to SM particles. In reference [19], pp→W ′ → tb
process is analyzed and the authors propose that the angular distribution for the charged
lepton decayed from the top quarks can be a feature of the chirality of W ′ with W ′ → tb
decay mode. The extensively studies on the chiral property are carried out in the gauge
interaction of W ′ decaying into W and Higgs boson, which can be used to distinguish W ′
from the charged Higgs boson [20, 21].
In this paper we study the W ′ production in association with top quark at the LHC
and the future hadron colliders. The dominant three decay modes of W ′ → tb, W ′ → qq¯′
(q stands for the light quark) and W ′ → lν are investigated with the collider signature of
5jets + l± + 6ET , 3jets + l+ + 6ET and 3jets + l− + 6ET . Searching for a massive W ′ signature
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with the electroweak coupling to fermions through the W ′ → tb decay channel is hard due
to the large backgrounds. The W ′ → qq¯′ channel shows evidence in the search of W ′ at
√
s = 33 TeV. Because the highly boosted charged lepton decayed from W ′ differs from the
backgrounds, the investigation of W ′ → lν channel contributes to the search of W ′ signal.
Moreover, we provide the charged lepton angular distribution to distinguish the chirality of
W ′.
This paper is organized as follows. The couplings of W ′ to SM particles are discussed in
Sec. II together with the mass constraints. In Sec. III, the numerical results with W ′ → tb,
W ′ → qq¯′ and W ′ → lν decay modes are listed respectively and the corresponding SM
backgrounds are simulated. Finally, we give a brief summary in Sec. IV.
II. THEORETICAL FRAMEWORK AND MASS CONSTRAINTS
The heavy charged gauge boson appears in various models with different couplings. We
extract the W ′ couplings to quark and lepton (ψ) from the following general formula,
L = gL√
2
V ′ijL ψ¯
i
uγµPLψ
j
dW
′+
L
µ
+
gR√
2
V ′ijR ψ¯
i
uγµPRψ
j
dW
′+
R
µ
+ h.c. , (1)
where gL(gR) is the coupling constant, V
′
L (V
′
R) is a unitary matrix representing the fermion
flavor mixing, and PL,R = (1∓γ5)/2 is the left-, right-handed chiral projection operator. To
give a simplified result, we set gL = g2, gR = 0 with the pure left-handed gauge boson W
′
L,
gL = 0, gR = g2 with the pure right-handed gauge boson W
′
R, where g2 is the electro-weak
coupling constant in the SM.
The mass parameter is one of the most crucial factors in the search of W ′ as well as the
interaction couplings. From the proton anti-proton collisions, CDF and D∅ collaborations
obtain the lower bound for a SM-like W ′ at 0.8 and 1 TeV [22, 23], respectively. The
investigations on the K and B meson demonstrate that the W ′ lower mass limit is around
2.5 TeV [24]. The recent searches of W ′ have been performed by the ATLAS and CMS
detectors at the LHC. Based on the results of W ′ → lν decay channel, a W ′ with sequential
SM couplings is excluded at the 95% credibility level for masses up to 2.55 and 2.90 TeV
[13, 14]. As discussed in the references [9–12], one can imagine neutrino being Dirac particle.
In this case, W ′R would have the usual leptonic decay channel, which implies a lower limit on
its mass about 3 TeV. Independent of the nature of neutrino mass, the left-right symmetric
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FIG. 1: The branching fractions of W ′ → tb,W ′ → qq¯′, and W ′ → lv.
theory implies a theoretical lower limit on the W ′R mass of about 2.5 TeV [24–26]. Addi-
tionally, the right-handed W ′ with the mass below 1.13 and 1.85 TeV is excluded through
the reconstructed tb resonances [15–17]. The search for the dijet mass spectrum, including
quark-quark, quark-gluon, and gluon-gluon pairs, also presents mass bound MW ′ > 1.51
TeV [27]. In particular, the CMS detector illustrates the mass of right-handed W ′ should
be larger than 0.84 TeV through the tW ′ associated production [28].
The branching fractions of W ′ decay into fermions are shown in Fig. 1. Whatever the
left-handed or right-handed W ′ decay into light quarks leads to more than a half fractions
in the massive region. A disparate decay mode between the left-handed and right-handed
W ′ is that the W ′R → lν is forbidden due to only left-handed neutrino existed in the SM.
We completely study the signatures of W ′ production in association with top quarks via the
three decay modes, W ′ → tb, W ′ → qq¯′ and W ′ → lν in the following section.
III. NUMERICAL RESULTS AND DISCUSSION
The tree level predominant partonic sub-process for tW ′ production is the following pro-
cess
g(p1) + b(p2)→ t(p3) +W ′−(p4), (2)
as depicted in Fig. 2, where pi denotes the 4-momentum of the corresponding particle.
The gb¯ → t¯W ′+ process is not referred in this paper for the similar character under the
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FIG. 2: Feynman diagrams for gb→ tW ′− process at the tree level.
CP−invariance. The LHC leads to a large probability to study the W ′ for the larger gluon
parton distribution than Tevatron. The total cross section for the process gb → tW ′− can
be expressed as
σ =
∫
fg(x1)fb(x2)σˆgb→tW ′− (sˆ)dx1dx2, (3)
where fg(x1)(fb(x2)) is the parton distribution function (PDF) of gluon (quark), sˆ is the
partonic center of mass energy squared, and σˆ is the partonic level cross section for gb →
tW ′− process. To obtain the numerical results we set Vtb = 1, MW = 80.399 GeV, and
mt = 173.1 GeV. For PDF, we use CTEQ6L1[29]. The total cross section for pp → tW ′−
process is displayed in Fig. 3, as a function of M representing the mass of W ′−L and W
′−
R
at the LHC with 14 TeV and 33 TeV. In addition, we also give the results at the future
hadron collider with 50 TeV and 80 TeV as a reference. There is no discrepancy in the cross
section of left-handed W ′ production from right-handed. The tW ′− cross section can be up
to 15 (300) fb for M = 1 TeV with
√
s = 14 (33) TeV at the LHC. While the observation
of the W ′ signal at 14 TeV LHC for the mass heavier than 3.3 TeV is difficult in the tW ′−
associated production on the condition of the couplings chosen in this paper. The W ′ and
top quark can not be observed directly at the LHC, thus we analyze the multi-jets plus
lepton and missing transverse energy signal with different decay modes as the follows.
A. W ′ → tb channel for tW ′ production
First we explore the W ′ → tb channel for the pp → tW ′− process at the LHC with
√
s = 14 and 33 TeV as the following process
pp→ tW ′− → tt¯b → bl+ + bb¯jj + 6ET , (4)
pp→ tW ′− → tt¯b → bjj + bb¯l− + 6ET , (5)
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FIG. 3: The total cross section as a function of W ′ mass M for pp→ tW ′− process at the LHC for
14 TeV and 33 TeV, and future hadron collider for 50 TeV and 80 TeV.
where the charged lepton is an excellent trigger for the event search. Corresponding to
process (4), the associated top quark semi-leptonically decays as t→ bl+νl and the anti-top
quark hadronically decays as t¯ → b¯jj. While in process (5), the decay modes of top and
anti-top quark are exchanged.
To be more realistic, the simulation at the detector is performed by smearing the leptons
and jets energies according to the assumption of the Gaussian resolution parameterization
δ(E)
E
=
a√
E
⊕ b, (6)
where δ(E)/E is the energy resolution, a is a sampling term, b is a constant term, and ⊕
denotes a sum in quadrature. We take a = 5%, b = 0.55% for leptons and a = 100%, b = 5%
for jets respectively[30].
The transverse momentum distributions of jets and charged lepton are shown in Fig. 4
(a) and (b) as well as the missing transverse energy for the precess pp → tW ′− → tt¯b →
bl+ + bb¯jj + 6ET . In order to identify the isolated jet (lepton), the angular distribution
between particle i and particle j is defined by
∆Rij =
√
∆φ2ij +∆η
2
ij, (7)
where ∆φij denotes the difference between the particles’ azimuthal angle, and ∆ηij the dif-
ference between the particles’ rapidity. In Fig. 4 (c), we display the differential distributions
σ−1dσ/d∆R for ∆R = min(∆Rij).
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FIG. 4: (a) The normalized differential distributions with the transverse momentum of the jets
(j1, j2, j3, j4, j5) with pTj1 > pTj2 > pTj3 > pTj4 > pTj5 for M = 3 TeV in the process of pp →
tW ′−L → bl++bb¯jj+ 6ET at
√
s = 33 TeV. (b) The same as (a) but for the charged lepton (solid line)
and transverse missing energy 6ET (dashed line). (c) The minimal angular separation distributions
between jets (solid line) and that between jets and the charged lepton (dashed line).
The analysis of the whole process including the reconstruction of the intermediate reso-
nances is propitious to select the tW ′ production process from the substantial backgrounds.
Theoretically, the top (anti-top) quark with semi-leptonical decay can be reconstructed by
one of the five jets, the charged lepton and the neutrino, while three of remaining jets can
be used to reconstruct the anti-top (top) quark with hadronical decay. Although the mo-
mentum of neutrino can not be directly recorded at the detector, one can resolve it by the
kinematical constraint. The neutrinos’ transverse momentum is determined by the sum of
the observable particles’ transverse momentum according to the momentum conservation,
and the longitudinal part can be solved through the on shell condition for the W-boson,
pνT = −(plT +
5∑
j=1
pjT ),
m2W = (pν + pl)
2. (8)
Once the neutrino’s momentum reconstructed, we can reconstruct the top or anti-top quark
invariant mass
M2jlν = (pl + pν + pj)
2, (9)
where j refers to any one of the five jets that makes the Mjlν be closest to the top quark
mass. Based on the above discussion, we employ the basic cuts to outstand the tW ′ process
as
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• Cut A1:
For 14 and 33 TeV


plT > 50 GeV, pjT > 50 GeV, 6ET > 50 GeV,
|ηl| < 2.5, |ηj| < 2.5, ∆Rjj(lj) > 0.4,
|Mjalν −mt| ≤ 30 GeV, |Mjbjcjd −mt| ≤ 30 GeV,
|Mjbjc −mW | ≤ 10 GeV.
Then the W ′ mass peak can be reconstructed through the momentum of all the particles
except the ones used to reconstruct the associated top or anti-top quark. The distributions
of 1/σ(dσ/dMtb + dσ/dMt¯b) are shown in Fig. 5. The resonance peak is significant in the
invariant mass distribution of tb, which will be a direct signal in the search of W ′. In order
to further purify the signal, we require the following cut
• Cut A2: |Mjjbjcjd −M | ≤ 10%M or |Mjjalν −M | ≤ 10%M ,
together with the remaining jet that not be used to reconstruct top or anti-top quark tagged
as a b-jet. The b-tagging efficiency is assumed to be 60% while the miss-tagging efficiency
of a light jet as a b jet is taken as transverse momentum dependent [30]:
ǫl =


1
150
, PT < 100GeV,
1
450
(
PT
25GeV
− 1
)
, 100GeV ≤ PT < 250GeV,
1
50
, PT ≥ 250GeV.
(10)
The cross section of process (4) at the LHC with
√
s = 14 and 33 TeV after Cut A1 and
A2 are displayed as a function of M in Fig. 6 (a), which deriving from W
′
R is larger than W
′
L
due to the discrepancy of the branching fraction W ′ → tb. If the mass of W ′ is larger than
1 TeV, it will be negative to observe W ′ from the process at the 14 TeV LHC, while the
cross section can be enhanced more than one order of magnitude at 33 TeV. Considering the
effect from the background of tt¯j, we give the integral luminosity needed at the LHC with
S/
√
B = 3σ for various M in Fig .6 (b). The result shows that the W ′ with mass below 1
TeV can be observed from the process (4) at the LHC with
√
s = 33 TeV. For a W ′ with
mass up to 3 TeV, only with the sizable couplings it can be detected in the tW ′ associated
production via the W ′ → tb decay at the future LHC. It makes no difference to the results
for the process (5) as displayed in Fig. 7.
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FIG. 5: The distributions of 1/σ(dσ/dMtb + dσ/dMt¯b) with respect to the invariant mass recon-
structed by top (anti-top) quark and the remaining jet for M = 1, 2, 3 TeV for the process of
pp→ tW ′−L → bl+ + bb¯jj + 6ET after cut A1 at the LHC for 33 TeV.
B. W ′ → qq¯′ channel for tW ′ production
According to Fig. 1, the search of W ′ is in favor of W ′ → qq¯′ decay modes for the large
branch fraction. Then we focus on the following process
pp→ tW ′− → bW+W ′− → bl+ + jj + 6ET , (11)
where the charged lepton is from the associated top quark. The differential distributions
with the transverse momentum of the three jets and charged lepton are shown in Fig. 8 (a)
and (b) as well as the missing transverse energy. The first two jets with the largest transverse
momentum mostly derive from W ′ so that two peaks appear nearby 1.5 TeV which is half
of the W ′ mass. The normalized differential distributions with ∆R which are displayed in
Fig. 8 (c) for pp→ tW ′− → bl+ + jj + 6ET process is broader than that in processes (4) and
(5).
We use the same methods as in Sec. III A to obtain the momentum of neutrino and
reconstruct the intermediate resonances. The following relation is adopted,
pνT = −(plT +
3∑
j=1
pjT ),
m2W = (pν + pl)
2,
M2jlν = (p
2
l + pν + pj)
2, (12)
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FIG. 6: (a) The total cross section as a function of the charged gauge bosons mass M at
√
s = 14
and 33 TeV for the process of pp → tW ′− → 5jets + l+ + 6ET after all the cuts. (b) The integral
luminosity needed at the LHC for
√
s = 14 and 33 TeV at S/
√
B = 3σ sensitivity. The solid and
dashed lines stand for W ′−L and W
′−
R respectively, and the two straight dotted lines present the
luminosity of 300 and 1000 fb−1.
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FIG. 7: (a) The total cross section as a function of the charged gauge bosons mass M at
√
s = 14
and 33 TeV for the process of pp → tW ′− → 5jets + l− + 6ET after all the cuts. (b) The integral
luminosity needed at the LHC for
√
s = 14 and 33 TeV at S/
√
B = 3σ sensitivity. The solid and
dashed lines stand for W ′−L and W
′−
R respectively, and the two straight dotted lines present the
luminosity of 300 and 1000 fb−1.
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FIG. 8: (a) The normalized differential distributions with the transverse momentum of the jets
(j1, j2, j3) with pTj1 > pTj2 > pTj3 for M = 3 TeV in the process of pp→ tW ′−L → l++3jets+ 6ET
at
√
s = 33 TeV. (b) The same as (a) but for the charged lepton (solid line) and transverse missing
energy 6ET (dashed line). (c) The minimal angular separation distributions between jets (solid line)
and that between jets and the charged lepton (dashed line).
with j named ja refers to any one of the three jets which makes Mjlν be closest to the top
quark mass and jb(c) for the left two.
Considering the unlike transverse momentum distributions of jet with the center of mass
energy at 14 and 33 TeV, we employ the basic cuts as
• Cut B1:
For 14 TeV


pj1T > 200 GeV, pj2T > 100 GeV, pj3T > 20 GeV,
plT > 20 GeV, 6ET > 20 GeV,
|ηl| < 2.5, |ηj| < 2.5, ∆Rjj(lj) > 0.4,
|Mjalν −mt| ≤ 30 GeV.
For 33 TeV


pj1T > 550 GeV, pj2T > 550 GeV, pj3T > 20 GeV,
plT > 20 GeV, 6ET > 20 GeV,
|ηl| < 2.5, |ηj| < 2.5, ∆Rjj(lj) > 0.4,
|Mjalν −mt| ≤ 30 GeV.
Once the jet derived from top quark is confirmed by the reconstruction of top quark, the
two remaining jets are absolutely from the heavy charged gauge boson W ′. As presented
in Fig. 9, the resonance peak is obvious around the W ′ mass in the differential distribution
with Mjbjc. Hence the further cut is
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FIG. 9: The distributions of 1/σdσ/dMjj with respect to the invariant mass reconstructed by the
remaining two jets for M = 1, 2, 3 TeV for the process of pp→ tW ′−L → 3jets + l++ 6ET after cut
B1 at the LHC for 33 TeV.
• Cut B2: |Mjbjc −M | ≤ 10%M .
Comparing the signal to the main SM backgrounds Wjjj, WWj and WZj, one can find
that b-tagging can help to purify the signal, so we require the jet used to reconstruct top
quark to be a b-jet.
We show the total cross section after all the cuts for the signal process (11) at the LHC
with 14 TeV and 33 TeV in Fig. 10 (a), as well as the integral luminosity as a function of
M assuming the significance is 3σ in Fig. 10 (b). The cross section is up to 0.003 (0.005)
fb for a mass of 2 TeV W ′L (W
′
R) with 14 TeV, as well as 0.118 (0.165) fb with 33 TeV,
while it is obviously suppressed by the strictly kinematic cuts for the W ′ mass lighter than
2 TeV with 33 TeV. The main backgrounds with the same detector signal including tW ,
Wjjj, WWj and WZj are simulated by MadEvent program [31]. One can find that the
luminosity need to be up to 105fb−1 if the charged bosons with M = 2 TeV can be detected
at 14 TeV. However, there are about forty events can be detected for a M = 2.8 TeV W ′
with the luminosity of 1000fb−1 at 33 TeV.
Once a heavy charged boson W ′ is discovered at the LHC, it will be imperative to
determine its chiral couplings to SM fermions. Accounting for different chiral couplings
between W ′Lqq¯
′ and W ′Rqq¯
′, we investigate the charged lepton angular distribution which
depends on the chiral couplings of W ′ to light quarks. The chirality of the W ′ coupling to
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FIG. 10: (a) The total cross section as a function of the charged gauge bosons mass M at
√
s = 14
and 33 TeV for the process of pp→ tW ′− → 3jets + l+ + 6ET . (b) The integral luminosity needed
at the LHC for
√
s = 14 and 33 TeV at S/
√
B = 3σ sensitivity. The solid and dashed lines stand
for W ′−L and W
′−
R respectively, and the two straight dotted lines present the luminosity of 300 and
1000 fb−1.
the light quarks can be translated to the angular distribution of the charged lepton and a
forward-backward asymmetry is defined as follows
1
σ
dσ
d cos θ∗
=
1
2
[1 + AFB cos θ
∗], AFB =
σ(cosθ∗ ≥ 0)− σ(cosθ∗ < 0)
σ(cosθ∗ ≥ 0) + σ(cosθ∗ < 0) (13)
with
cos θ∗ =
p∗l+ · p∗t
|p∗
l+
||p∗t |
. (14)
Here p∗
l+
is the 3-momentum of charged lepton in the top quark rest frame, and p∗t is the
3-momentum of the top quark in tW ′− center of mass frame.
The charged lepton angular distributions with respect to cosθ∗ before and after cuts are
displayed in Fig. 11 corresponding to the process (11) at 33 TeV LHC. The result shows
that most charged leptons moving against the direction of the top quark for the left-handed
type interaction, while it leads to the inverse tendency for the right-handed type interaction.
Thus we can separate the hemisphere of top quark direction from the opposite hemisphere
according to cos θ∗ ≥ 0 or cos θ∗ < 0, then the forward-backward asymmetry leads to inverse
sign which is listed in Table. I. Although the distributions after the cuts in the cosθ∗ = −1
region are severely distorted by the acceptance cuts, due to the charged leptons moving
13
against the top quark direction carry less energy than those in the remaining region, the
forward-backward asymmetry with −0.5 < cos θ < 0.5 is also an excellent characteristic
quantity to distinguish W ′L from W
′
R.
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FIG. 11: The angular distributions of the charged lepton for M = 3 TeV with (left) and without
(right) cuts at
√
s = 33 TeV for the process of pp → tW ′− → 3jets + l+ + 6ET . The solid line and
dashed line stand for W ′−L and W
′−
R , respectively.
AFB before cuts after cuts
M (TeV) 1 2 3 1 2 3
W ′L -0.147 -0.174 -0.191 -0.426 -0.116 -0.139
W ′R 0.147 0.174 0.191 0.035 0.020 0.016
TABLE I: The forward-backward asymmetry AFB for pp→ tW ′− → 3jets + l+ + 6ET at the LHC
with
√
s = 33 TeV before and after the cuts.
C. W ′ → lν channel for tW ′ production
The leptonic decay modes of W ′ depend on the lepton spectrum and the flavor mixing
in the given model. Although the right-handed W ′ boson can couple to a charged lepton
and right-handed neutrino in some new physics models, the decay modes of W ′R → lνR is
not considered due to the mass of νR larger than W
′ or the different signal comparing to
14
10
-9
10
-7
10
-5
10
-3
10
-1
0 1000 2000 3000
PT(GeV)
1/
s
ds
/ d
P T
(G
eV
-
1 )
10
-9
10
-7
10
-5
10
-3
10
-1
0 1000 2000 3000
PT(GeV)
1/
s
ds
/ d
P T
(G
eV
-
1 )
0
0.2
0.4
0.6
0.8
1
0 1 2 3
D R
1/
s
ds
/ d
D
R
FIG. 12: (a) The normalized differential distributions with the transverse momentum of the jets
(j1, j2, j3) with pTj1 > pTj2 > pTj3 for M = 3 TeV in the process of pp→ tW ′−L → 3jets + l− + 6ET
at
√
s = 33 TeV. (b) The same as (a) but for the charged lepton (solid line) and transverse missing
energy 6ET (dashed line). (c) The minimal angular separation distributions between jets (solid line)
and that between jets and the charged lepton (dashed line).
W ′L → lν. In this section, we focus on the process
pp→ tW ′−L → bW+W ′− → bjj + l− + 6ET (15)
with W ′− → l−ν decay mode, which provides the charged lepton with large transverse
momentum as an excellent trigger at the LHC.
The distributions of σ−1dσ/dPT with the transverse momentum of the three jets and
lepton are shown in Fig. 12 (a) and (b). There is an obvious jacobian peak at PT = M/2
in the charged lepton transverse momentum distribution. In Fig. 12 (c), we display the
corresponding distributions for ∆R.
We employ the basic acceptance cuts as
• Cut C1:
For 14 TeV


plT > 200 GeV, 6ET > 200 GeV, pjT > 20 GeV,
|ηl| < 2.5, |ηj| < 2.5, ∆Rjj(lj) > 0.4.
For 33 TeV


plT > 350 GeV, 6ET > 350 GeV, pjT > 20 GeV,
|ηl| < 2.5, |ηj| < 2.5, ∆Rjj(lj) > 0.4.
And we require the top quark mass be reconstructed by all of the three jets as well as W
boson mass reconstructed by two of the jets as the further cut
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FIG. 13: The distributions of 1/σdσ/dHT with respect to HT for M = 1, 2, 3 TeV for the process
of pp→ tW ′−L → l− + 3jets + 6ET after cut C2 at the LHC for 33 TeV.
• Cut C2: |Mjajb −mW | ≤ 10 GeV, |Mjajbjc −mt| ≤ 30 GeV,
where
M2jjj = (
3∑
j=1
pj)
2. (16)
In addition, the jet which is not used to reconstruct W boson is tagged as a b-jet to suppress
the background processes.
The differential distributions σ−1dσ/dHT for process (15) are shown in Fig. 13, where
HT =
3∑
j=1
pjT + plT + 6ET . (17)
One can see that a peak appears around theW ′ mass which is a significant excess comparing
to the SM backgrounds. In Fig. 14, we present the total cross section for the pure left-handed
W ′ with and without cuts at the LHC with 14 TeV and 33 TeV. The cross section reaches
0.02 fb for M = 3 TeV with
√
s = 33 TeV. Corresponding to the process (15) with final
states 3jets+ l−+ 6ET , the dominant backgrounds from SM are tW , Wjjj, Wjjj and WZj,
which are simulated by MadEvent. Supposing the integral luminosity to be 300fb−1 at 14
TeV, a W ′L with mass up to 1.7 TeV can be found at 3σ significance, which can be enlarged
to 4 TeV on the condition of integral luminosity of 1000fb−1 at the LHC with
√
s = 33 TeV.
In a more appealing seesaw version [32, 33] of the theory, as in the papers below, W ′R de-
cays into the heavy right-handed neutrino with the spectacular signatures of lepton number
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FIG. 14: (a) The total cross section as a function of the charged gauge bosons mass M at
√
s = 14
and 33 TeV for the process of pp→ tW ′−L → 3jets+ l−+ 6ET . (b) The integral luminosity needed at
the LHC for
√
s = 14 and 33 TeV at S/
√
B = 3σ sensitivity. The two straight dotted lines present
the luminosity of 300 and 1000 fb−1.
violation [34]. In this case, there have been dedicated searches and theoretical discus-
sions [35–37]. Perhaps the W ′ can be first detected at the LHC associated with the heavy
right-handed neutrino.
IV. SUMMARY
The observation of a new charged vector boson W ′ is an unambiguous signal for new
physics beyond the SM. As a result, it is important to search for W ′ production signal
and its related phenomena via different production and decay channels at the LHC. In this
paper, we focus on investigating the collider signature for the tW ′ associated production
with W ′ → tb, W ′ → qq¯′ and W ′ → lν respectively at the LHC. It is found that with the
most common coupling parameters and present mass constraints for W ′, due to the limited
cross section, it is difficult to observe W ′ production signal via tW ′ associated production
at 14 TeV. However, if the center of mass energy of the LHC is updated to 33 TeV or even
higher, a distinct signal for W ′ production can be observed via W ′ → qq¯′ and W ′ → lν after
adopting proper kinematic cuts, e.g., large transverse momentum cut to the jets/leptons,
etc. Once the tW ′ production is observed at the LHC, it will become important to study
17
the interactions between W ′ and fermions. For this aim, as an example, we analyze the
angular distribution of the charged lepton for pp → tW ′− → bW+W ′− → bl+ + jj + 6ET
process and the related forward-backward asymmetry induced by top quark spin. Our results
show that the charged lepton angular distribution is related to the chiral couplings of W ′
to fermions and the forward-backward asymmetry depending on this angular distribution.
These observables can be used to distinguish W ′L from W
′
R. If the LHC can served as a
discovery machine for the new charged gauge boson W ′, our work will be useful to search
for its production signal and to explore its properties.
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